A RATIONAL DISCUSSION OF CLIMATE CHANGE:
THE SCIENCE, THE EVIDENCE, THE RESPONSE

HEARING

BEFORE THE
SUBCOMMITTEE ON ENERGY AND
ENVIRONMENT

COMMITTEE ON SCIENCE AND
TECHNOLOGY
HOUSE OF REPRESENTATIVES

ONE HUNDRED ELEVENTH CONGRESS

SECOND SESSION

NOVEMBER 17, 2010

Serial No. 111-114

Printed for the use of the Committee on Science and Technology

Available via the World Wide Web: http:/www.science.house.gov

U.S. GOVERNMENT PRINTING OFFICE
62-618PDF WASHINGTON : 2010

For sale by the Superintendent of Documents, U.S. Government Printing Office
Internet: bookstore.gpo.gov Phone: toll free (866) 512—-1800; DC area (202) 512—-1800
Fax: (202) 512-2104 Mail: Stop IDCC, Washington, DC 20402-0001



COMMITTEE ON SCIENCE AND TECHNOLOGY
HON. BART GORDON, Tennessee, Chair

JERRY F. COSTELLO, Illinois RALPH M. HALL, Texas

EDDIE BERNICE JOHNSON, Texas F. JAMES SENSENBRENNER JR.,
LYNN C. WOOLSEY, California Wisconsin

DAVID WU, Oregon LAMAR S. SMITH, Texas

BRIAN BAIRD, Washington DANA ROHRABACHER, California
BRAD MILLER, North Carolina ROSCOE G. BARTLETT, Maryland
DANIEL LIPINSKI, Illinois VERNON J. EHLERS, Michigan
GABRIELLE GIFFORDS, Arizona FRANK D. LUCAS, Oklahoma
DONNA F. EDWARDS, Maryland JUDY BIGGERT, Illinois

MARCIA L. FUDGE, Ohio W. TODD AKIN, Missouri

BEN R. LUJAN, New Mexico RANDY NEUGEBAUER, Texas
PAUL D. TONKO, New York BOB INGLIS, South Carolina
STEVEN R. ROTHMAN, New Jersey MICHAEL T. McCAUL, Texas
JIM MATHESON, Utah MARIO DIAZ-BALART, Florida
LINCOLN DAVIS, Tennessee BRIAN P. BILBRAY, California
BEN CHANDLER, Kentucky ADRIAN SMITH, Nebraska

RUSS CARNAHAN, Missouri PAUL C. BROUN, Georgia
BARON P. HILL, Indiana PETE OLSON, Texas

HARRY E. MITCHELL, Arizona
CHARLES A. WILSON, Ohio

KATHLEEN DAHLKEMPER, Pennsylvania
ALAN GRAYSON, Florida

SUZANNE M. KOSMAS, Florida

GARY C. PETERS, Michigan

JOHN GARAMENDI, California

VACANCY

SUBCOMMITTEE ON ENERGY AND ENVIRONMENT

HON. BRIAN BAIRD, Washington, Chair

JERRY F. COSTELLO, Illinois BOB INGLIS, South Carolina
EDDIE BERNICE JOHNSON, Texas ROSCOE G. BARTLETT, Maryland
LYNN C. WOOLSEY, California VERNON J. EHLERS, Michigan
DANIEL LIPINSKI, Illinois JUDY BIGGERT, Illinois
GABRIELLE GIFFORDS, Arizona W. TODD AKIN, Missouri
BEN R. LUJAN, New Mexico RANDY NEUGEBAUER, Texas
PAUL D. TONKO, New York MARIO DIAZ-BALART, Florida

JIM MATHESON, Utah

LINCOLN DAVIS, Tennessee

BEN CHANDLER, Kentucky

JOHN GARAMENDI, California

BART GORDON, Tennessee RALPH M. HALL, Texas

CHRIS KING Democratic Staff Director
SHIMERE WILLIAMS Democratic Professional Staff Member
ADAM ROSENBERG Democratic Professional Staff Member

JETTA WONG Democratic Professional Staff Member
ANNE COOPER Democratic Professional Staff Member
ROBERT WALTHER Democratic Professional Staff Member
DAN BYERS Republican Professional Staff Member
TARA ROTHSCHILD Republican Professional Staff Member
JANE WISE Research Assistant
ALEX MATTHEWS Research Assistant

1)



CONTENTS

November 17, 2010

WitNess LASt ....oooviiiiiiiiiiiiiic e
Hearing CRarter ........ccooociieiiiiieeiiecieeteeie ettt ettt et e e e sae e bt e sabeeseesnne

Opening Statements

Statement by Representative Brian Baird, Chairman, Subcommittee on En-
ergy and Environment, Committee on Science and Technology, U.S. House
Of REPIeSENtatiVes ...c..veiiceiiiieiiieeeiee ettt e et e e et e e e rr e e e saaeeennaaeeennnes

Written Statement ..........ccocuieiiiiiiiiiiieeiiee e

Statement by Representative Ralph M. Hall, Ranking Minority Member,

Committee on Science and Technology, U.S. House of Representatives .........
Written Statement ..........coceiiiiiiiiiiinie e

Statement by Representative Bob Inglis, Ranking Minority Member, Sub-
committee on Energy and Environment, Committee on Science and Tech-
nology, U.S. House of Representatives .

Written Statement ..........coocvieiiiiiiiiiieiiee e

Prepared Statement by Representative Jerry F. Costello, Subcommittee on
Energy and Environment, Committee on Science and Technology, U.S.
House of Representatives ........ccocveeeeciiieeiieeiiiieecieeceieee et eeveeesreeesaneeeeees

Panel I:

Dr. Ralph J. Cicerone, President, National Academy of Sciences
Oral Statement ........occooiiiiiiiiii s
Written Statement .
BIOGTAPIY ..eeiiiieiieeiee et sttt
Dr. Richard S. Lindzen, Alfred P. Sloan Professor of Meteorology, Department
of Earth Atmospheric and Planetary Science, Massachusetts Institute of
Technology
Oral Statement ........cccooiiiiiiiii e
Written Statement .
BIOGraphy ....cooiiiiiiii e
Dr. Gerald A. Meehl, Senior Scientist, National Center for Atmospheric Re-
search
Oral Statement ........coceoiiiiiiiiiie e e
Written Statement .
BiOGraphy ....cooiiiiiiiei e
Dr. Heidi M. Cullen, CEO and Director of Communications, Climate Central
Oral Statement .....
Written Statement . .
BIOGTAPRIY ..veiiiieiieeiee ettt

Discussion
The Impacts of CO; Increases on Temperatures ..........
Humans Have Caused Increases in Atmospheric CO» ..
The Greater Proportion of Record High Temperatures ...
Quantifying Climate Sensitivity and Water Vapor ..........
The Common Cause for Clean Energy Development
Climate SKEePLICISIN ..c.eiiiieriieeiieiieeieerite et eeite et e st eeteesiae e bt esabeebeesebeebeessseenseas

(I1D)

11
13

13
15

16

17
19
24



v

Panel II:

Dr. Patrick J. Michaels, Senior Fellow in Environmental Studies, Cato Insti-
tute
Oral StateMENt .......cccveiiiiiieieiiie e e et e e et e e e te e e eeaae e e e raeeeeraeaas
Written Statement .
230 = = o) 1 2P UUS PSRNt

Dr. Benjamin D. Santer, Atmospheric Scientist, Program for Climate Model
Diagnosis and Intercomparison, Lawrence Livermore National Laboratory
Oral StatemMEnt ........cccceeiiiiiiiiiiieieeieee et e
Written Statement .
230 = = o) 1 2SR UUS PSRNt

Dr. Richard B. Alley, Evan Pugh Professor, Department of Geosciences and
Earth and Environmental Systems Institute, The Pennsylvania State Uni-
versity

Oral Statement ........cccooiiiiiiiiii s
Written Statement .
BIOGTAPRIY c..eeiiiieiieeiee e sttt st e e

Dr. Richard A. Feely, Senior Scientist, Pacific Marine Environmental Labora-

tory, National Oceanic and Atmospheric Administration
Oral Statement ........ccccoiiiiiiiiiii s
Written Statement .
BIOGTAPRIY ..eeiiiiieiieeiiee et sttt ebe e

Discussion
Ocean Acidification and Coral Damage .......cccccceeeevieeeiiiieeniiieeeniieeeieeenieeeeinns
Measuring Glacial Changes .....................
Evidence of Anthropogenic Change ............
Ocean Acidification and Economic Impacts
Science and the Federal Government ............ccocccevveeiienicnnee.
More on Glaciers and Evidence of Anthropogenic Change ....
Fossil Fuel Resources and Climate Change .........ccccceeevveenneen
The Impacts of Current CO2 EMIiSSIONS ......ccccevveeeviiieeiiieeniieeecieeeeereeesvree s

Panel III:

Rear Admiral David W. Titley, Oceanographer and Navigator of the U.S.
Navy
Oral Statement ........cccoiiiiiiiiiii s
Written Statement .
BIOGTAPRIY ..eeiiiieiieeiee ettt ettt

Mr. James Lopez, Senior Advisor to the Deputy Secretary, U.S. Department
of Housing and Urban Development
Oral Statement .....
Written Statement . .
BIOGTAPRIY ..eeiiiieiieeiee ettt ettt
Mr. William Geer, Director of the Center for Western Lands, Theodore Roo-
sevelt Conservation Partnership
Oral Statement ........cccccooiiiiiiiiii s
Written Statement .
BIOGTAPRIY ..eeiiiieiieeiee ettt ettt
Dr. Judith A. Curry, Chair of the School of Earth and Atmospheric Sciences,
Georgia Institute of Technology
Oral Statement .......ccocccoiiiiiiiiiii s
Written Statement .
BIOGTAPRIY ..eeiiiieiieeiee ettt ettt

Discussion

The U.S. Navy and Weather Conditions ........cc.cccceeeeiveierieeiniieenniieesrieeeevee e
Climate Monitoring Instrumentation ...................
Adaptation Challenges and Poor Communities ...

A National Climate Service .........ccccceevueenueenne
The Impacts of Climate Change on Recreational Fishing
Adaptation of Animal Species to a Changing Climate ........
Combined Factors Affecting Climate ............cceecvveeeeveennns
Blogging, Scientific Integrity, and Public Information ..........c.ccccceeeevveenciiennnns

Page

115
120
125

126
129
134

134
135
135
141
143
144
148
151

153
155
157

158
160
166

166
169
172

172
179



Page
An Anecdote on Risk Management ..........cccccueeeeiieeeiiieeeciee e eereeeevee e 190
Appendix: Answers to Post-Hearing Questions

Dr. Ralph J. Cicerone, President, National Academy of Sciences .........ccccceuenne 194
Dr. Richard S. Lindzen, Alfred P. Sloan Professor of Meteorology, Department
of Earth Atmospheric and Planetary Science, Massachusetts Institute of

TECRNOLOZY .oovevieeeiiieeeiiee ettt et e e s et e e ssbeeeeebaeesnbaesessaassnnnaeennns 198
Dr. Patrick J. Michaels, Senior Fellow in Environmental Studies, Cato Insti-

BULE oo 200
Dr. Benjamin D. Santer, Atmospheric Scientist, Program for Climate Model

Diagnosis and Intercomparison, Lawrence Livermore National Laboratory .. 203

Dr. Judith A. Curry, Chair of the School of Earth and Atmospheric Sciences,
Georgia Institute of Technology .........ccccoeeeiiiiiiiiieiiiiieieeeiecce e 209






A RATIONAL DISCUSSION OF CLIMATE
CHANGE: THE SCIENCE, THE EVIDENCE,
THE RESPONSE

WEDNESDAY, NOVEMBER 17, 2010

HOUSE OF REPRESENTATIVES,
SUBCOMMITTEE ON ENERGY AND ENVIRONMENT
COMMITTEE ON SCIENCE AND TECHNOLOGY
Washington, DC.

The Subcommittee met, pursuant to call, at 10:38 a.m. In Room
2325, Rayburn House Office Building, Hon. Brian Baird [Chairman
of the Subcommittee] presiding.
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HEARING CHARTER

COMMITTEE ON SCIENCE AND TECHNOLOGY
SUBCOMMITTEE ON ENERGY AND ENVIRONMENT
U.S. HOUSE OF REPRESENTATIVES

A Rational Discussion of Climate Change:
the Science, the Evidence, the Response

WEDNESDAY, NOVEMBER 17TH, 2010
10:30 AM
2325 RAYBURN HOUSE OFFICE BUILDING

Purpose

On Wednesday, November 17, 2010 the Subcommittee on Energy and Environ-
ment of the House Committee on Science and Technology will hold a hearing enti-
tled: “A Rational Discussion of Climate Change: the Science, the Evidence, the Re-
sponse”. The Subcommittee will receive testimony on the basic science underlying
how climate change happens; the evidence and the current impacts of climate
change; and the actions that diverse sectors are taking today to respond to and pre-
pare for a changing climate.

Witnesses

Panel 1

e Dr. Ralph Cicerone is the President of the National Academy of Sciences.
Dr. Cicerone will explain the basic science, including the fundamental phys-
ics, underlying how climate change happens. He will also discuss the role of
the National Academy of Sciences in advancing climate science and informing
the public on the issue.

e Dr. Heidi Cullen is the CEO and Director of Communications at Climate
Central. Dr. Cullen will discuss the basic science of climate change, including
the fundamental chemistry, the causes of production of greenhouse gases; and
the expected impacts on the climate.

e Dr. Gerald A. Meehl is a Senior Scientist in the Climate and Global Dynam-
ics Division at the National Center for Atmospheric Research. Dr. Meehl will
discuss the basic physics underlying how climate change happens and how
the physics is incorporated into the development of the climate models.

¢ Dr. Richard Lindzen is the Alfred P. Sloan Professor of Meteorology in the
Department of Earth, Atmospheric, and Planetary Sciences at Massachusetts
Institute of Technology. Dr. Lindzen will discuss how greenhouse gas emis-
sions resulting from human activities will only minimally contribute to warm-
ing. He will also discuss the limitations in the global climate models and the
problems with the positive feedbacks built into the models.

Panel 2

e Dr. Benjamin Santer is an Atmospheric Scientist in the Program for Cli-
mate Model Diagnosis and Intercomparison at the Lawrence Livermore Na-
tional Laboratory. Dr. Santer will discuss the evidence of climate change; how
well the science validates that climate change is happening; and the computa-
tional climate models, including how the various climate data sets are utilized
and analyzed.

e Dr. Richard Alley is the Evan Pugh Professor in the Department of Geo-
sciences and an Associate of the Earth and Environmental Systems Institute
at Pennsylvania State University. Dr. Alley will describe the effects of climate
change on ice dynamics and explain how changes in levels of carbon dioxide
in the atmosphere have led to a rise in global temperatures.

e Dr. Richard Feely is a Senior Scientist at the Pacific Marine Environment
Laboratory of the National Oceanic and Atmospheric Administration (NOAA).
Dr. Feely will discuss the current science and understanding of ocean acidifi-
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cation, the factors that contribute to the acidification process, and the result-
ing impacts.

e Dr. Patrick Michaels is a Senior Fellow in Environmental Studies at the
Cato Institute. Dr. Michaels will discuss the rate of greenhouse-related warm-
ing; the Endangerment Finding by the Environmental Protection Agency; and
scientific integrity.

Panel 3

e Rear Admiral David Titley is an Oceanographer and Navigator for the
United States Department of the Navy, Department of Defense. RADM Titley
will discuss the impacts of climate change on U.S. Navy missions and oper-
ations, the national security implications of climate change, and the role of
the U.S. Navy’s Task Force Climate Change.

e Mr. James Lopez is the Senior Advisor to the Deputy Secretary at the De-
partment of Housing and Urban Development. Mr. Lopez will discuss the im-
pacts of climate change on vulnerable populations and communities; HUD’s
proposed Sustainable Communities Initiative; and how the Department is
working to improve the coordination of transportation and housing invest-
ments to ensure more regional and local sustainable development patterns,
more transit-accessible housing choices, and reduced greenhouse gas emis-
sions.

e Mr. William Geer is the Director of the Center for Western Lands for the
Theodore Roosevelt Conservation Partnership. Mr. Geer will discuss the
threat of climate change to hunting and fishing; its impacts on fish and wild-
life; and how the Theodore Roosevelt Conservation Partnership is responding
to the impacts of climate change.

e Dr. Judith Curry is the Chair of the School of Earth and Atmospheric
Sciences at Georgia Institute of Technology. Dr. Curry will discuss how uncer-
tainty in data and conclusions is evaluated and communicated. She will also
discuss how this uncertainty should be incorporated into decision-making ef-
forts.

Background

Human society is shaped by the climate in fundamental ways, and so for many
decades researchers around the world have been working to understand how hu-
mans are affecting the climate, the impacts of these changes, and how society can
mitigate and prepare for these effects. Since human settlement began, climate has
influenced what we wear, the food that we eat, where we live, and how we build
our houses. And despite our greatest technological advances, climate still affects
how and where we live our lives today, as well as our economy and national secu-
rity. Various sectors, from agriculture to transportation, rely on climate certainty.
Climate change has increased uncertainty in many sectors; therefore, many deci-
sions with significant economic impacts will have to be made with greater levels of
associated risk. Advancements in climate science may reduce uncertainty in climate
dependent sectors, thus better informing decisions that impact the quality of our
lives.

Climate and Weather

Climate can be defined as the product of several meteorological elements?! in a
given region over a period of time. In addition, spatial elements such as latitude,
terrain, altitude, proximity to water and ocean currents affect the climate. We expe-
rience climate on a daily basis through the weather. The difference between weather
and climate is a measure of time—weather consists of the short-term (minutes to
months) changes in the atmosphere. Weather is often thought of in terms of tem-
perature, humidity, precipitation, cloudiness, brightness, visibility, wind, and atmos-
pheric pressure. Weather is what conditions of the atmosphere are over a short pe-
riod of time, and climate is how the atmosphere “behaves” over relatively long peri-
ods of time. In most places, weather can change from minute-to-minute, hour-to-
hour, day-to-day, and season-to-season. Climate, however, is the average of weather
over a period of years to decades. Generally, climate is what you expect, like a very

1 Meteorological elements such as temperature, humidity, atmospheric pressure, wind, rain-
fall, and atmospheric particle count.
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hot summer in the American Southwest, and weather is what you get, like a hot
day with pop-up thunderstorms.2

The Science

Climate can be influenced by a variety of factors, including: changes in solar activ-
ity, long-period changes in the Earth’s orbit, natural internal processes of the cli-
mate system, and anthropogenic (i.e. human-induced) increases in atmospheric con-
centrations of carbon dioxide (CO,) and other greenhouse gases (GHGs).? As de-
scribed above, “climate” is the long-term average of a region’s weather patterns, and
“climate change” is the term used to describe changes in those patterns. Climate
change will not have a uniform effect on all regions and these differing effects may
include changes to average temperatures (up or down), changes in season length
(e.g. shorter winters), changes in rain and snowfall patterns, and changes in the fre-
quency of intense storms. The scientific community has made tremendous advances
in understanding the basic physical processes as well as the primary causes of cli-
mate change. And researchers are developing a strong understanding of the current
and potential future impacts on people and industries.

Throughout Earth’s history, the climate has changed in dramatic ways. What
makes this point in time different from the past is the human influence on this
change and the rate at which this change is occurring. Volumes of peer-reviewed
scientific data show that CO, concentrations in the atmosphere have increased sub-
stantially since industrialization began. Fossil fuel use has become an increasingly
important part of our lives, and as a result, CO, concentrations have increased ap-
proximately 30% since pre-industrial times.# And the current level of CO; in the at-
mosphere is the highest in the past 650,000 years.5> According to the National Acad-
emies, there is strong scientific consensus that these increases in CO2 concentra-
tions intensify the greenhouse effect, and this effect plays a critical role in warming
our planet.®

Greenhouse Effect

Greenhouses work by trapping heat from the sun. The glass panels of the green-
house let in light but keep heat from escaping. This causes the greenhouse to heat
up, much like the inside of a car parked in sunlight. Greenhouse gases in the atmos-
phere behave much like the glass panes in a greenhouse. Sunlight enters the
Earth’s atmosphere, passing through the blanket of greenhouse gases. As it reaches
the surface, the Earth’s land, water, and biosphere absorb the sun’s energy. Once
absorbed, this energy is eventually transmitted back into the atmosphere through
physical processes such as heat conduction, convection, and evaporation. Some of the
energy passes back into space, but much of it remains trapped in the atmosphere
by the greenhouse gases, causing the Earth to heat up.

As a basis for discussion about GHGs and their influence on the climate, it should
be noted that there is a natural, non-anthropogenic greenhouse effect, which Joseph
Fourier discovered more than 150 years ago. Fourier argued that “the atmosphere
acts like the glass of a hothouse because it lets through the light rays of the sun
but retains the dark rays from the ground”.” This is a major simplification in de-
scribing the greenhouse effect, but it does provide insight into why the Earth’s sur-
face is considerably warmer than it would be without an atmosphere.

Several scientists built on Fourier’s greenhouse theory by recognizing the impor-
tance of the selective absorption of some of the minor constituents of the atmos-
phere, such as CO, and water vapor. Swedish chemist Svante Arrhenius conducted

2See <hitp:/ | www.nasa.gov / mission _pages | noaa-n / climate / climate _weather.html>.

3In addition to long-term climate change, there are shorter term climate variations. This so-
called climate variability can be represented by periodic or intermittent changes related to El
Nino, La Nina, volcanic eruptions, or other changes in the Earth system.

4See <hitp:/ /www.wpro.who.int /| NR /rdonlyres | 33FA546E-7813-4E51-BA89-48759FF45360 /
0/climate _factsheet.pdf>.

5Michael Hopkin, Greenhouse-Gas Levels Highest for 650,000 Years: Climate Record High-
lights Extent of Man-Made Change, NATURE NEWs. Published Online. (24 Nov 2005).
doi:10.1038/news051121-14.

6 National Research Council, AMERICA’S CLIMATE CHOICES: ADVANCING THE SCIENCE OF CLI-
MATE CHANGE (2010).

7Joseph Fourier, Remarques Générales Sur Les Températures Du Globe Terrestre Et Des
Espaces Planétaires, 27 ANNALES DE CHIMIE ET DE PHYSIQUE p.136-67 (1824). and Joseph Fou-
rier, Mémoire Sur Les Températures Du Globe Terrestre Et Des Espaces Planétaires, 7 MEMOIRES
DE L’ACADEMIE ROYALE DES SCIENCES p.569-604 (1827).
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an extensive analysis of the greenhouse effect.8 Arrhenius calculated the tempera-
ture increase caused by the greenhouse effect as a function of the atmospheric con-
centration of “carbonic acid”?, latitude, and season. The values Arrhenius obtained
for the warming of the atmosphere are very much in agreement with what are now
being obtained using complex climate models. Further research in the 1930s showed
that, due to the more extensive use of fossil fuels, the atmospheric concentration of
carbon dioxide was increasing, and the first projection of the atmospheric CO» con-
centration was made in the late 1950s.10 As these scientific findings were coming
to light, operational data collection programs were initiated for measuring atmos-
pheric CO; in Scandinavia, Mauna Loa, Hawaii and at the South Pole.

Carbon dioxide (CO2) is a greenhouse gas (GHG) that traps the sun’s radiation
within the troposphere, i.e. the lower atmosphere. It has accumulated along with
other man-made greenhouse gases, such as methane (CH,), chlorofluorocarbons
(CFCs), nitrous oxide (N20), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs),
and sulfur hexafluoride (SFs). GHGs are an important part of our atmosphere be-
cause they keep Earth from having an inhospitably cold surface temperature.l! That
said, if the greenhouse effect becomes stronger, through increased concentrations of
GHGs and water vapor, it could make the Earth warmer than human civilization
and its surrounding ecosystem has currently adapted to. Even a small additional
warming is predicted to cause significant issues for humans, plants, and animals.

The Scientific Process: Uncertainty, Consensus, and Peer Review

Climate science, like all science, is an iterative process of collective learning: data
are collected; hypotheses are formulated, tested, and refined; theories are con-
structed and models are built in order to synthesize understanding and to generate
predictions; and experiments are conducted to test these hypotheses, theories, and
models. New observations and refined theories are incorporated throughout this
process, and predictions and theories will be further supported or refuted. Con-
fidence in a theory grows if it is able to survive this rigorous testing process, if mul-
tiple lines of evidence converge in agreement, and if competing explanations can be
ruled out.

The scientific community uses a highly formalized version of peer review to vali-
date research results and improve our understanding of the relevance of these re-
sults. Through this process, only those concepts that have been described through
well-documented research and subjected to the scrutiny of other experts in the field
become published papers in science journals and accepted as current scientific
knowledge. Although peer review does not guarantee that any particular published
result is valid, it does provide a high assurance that the work has been carefully
vetted for accuracy by informed experts prior to publication. The overwhelming ma-
jority of peer-reviewed papers about global climate change acknowledge that human
activities are substantial contributing factors.

Science is based on observations and therefore uncertainty is inherent to the sci-
entific process. Uncertainties about climate change will never be completely elimi-
nated by scientific research, but science can enable decision makers to make in-
formed choices in the face of risks.12

The Evidence

There are numerous effects that can result from climate change. Some effects are
already being felt today, and some are projected by scientists to occur in the future.
Scientifically documented evidence of climate change includes:

Sea Level Rise. The global sea level rose about 17 centimeters (6.7 inches) in
the last century. The rate in the last decade, however, is nearly double that of the
last century.13

Global Temperature Rise. The major comprehensive global surface temperature
reconstructions, which use a wide variety of data sources from satellites to weather

8 Svante Arrhenius, On the Influence of Carbonic Acid in the Air upon the Temperature of the
Ground 41 PHILOSOPHICAL MAGAZINE p.237-276 (1896). and Elisabeth T. Crawford, ARRHENIUS:
FroM IoNIC THEORY TO THE GREENHOUSE EFFECT (Science History Publications) (1996).

9 Carbonic acid is a byproduct of carbon dioxide when dissolved in water.

10Roger Revelle and Hans E. Suess, Carbon Dioxide Exchange Between Atmospheric and
Ocean and the Question of an Increase of Atmospheric CO, during the Past Decades, 9 TELLUS
p.18-27 (1957).

11 See <hitp:/ /www.epa.gov | climatechange | glossary.html>.

12 National Research Council, AMERICA’S CLIMATE CHOICES: ADVANCING THE SCIENCE OF CLI-
MATE CHANGE p.15 (2010).

13 J.A. Church and N.J. White, A 20¢th Century Acceleration in Global Sea Level Rise, 33 GEO-
PHYSICAL RESEARCH LETTERS (2006).
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stations, show that Earth has warmed since 1880.14 Most recorded warming has oc-
curred since the 1970s, with the twenty warmest years having occurred since 1981
and with all ten of the warmest years occurring in the past twelve years.l5> Even
though the 2000s witnessed a solar output decline resulting in an unusually deep
solar minimum in 2007-2009, surface temperatures continue to increase.16

Warming Oceans. The oceans have absorbed much of the increased heat, with
the top 700 meters (about 2,300 feet) of ocean showing warming of 0.302 degrees
Fahrenheit since 1969.17

Shrinking Ice Sheets. The Greenland and Antarctic ice sheets have decreased
in mass. Data from NASA’s Gravity Recovery and Climate Experiment show Green-
land lost 150 to 250 cubic kilometers (36 to 60 cubic miles) of ice per year between
2002 and 2006, while Antarctica lost about 152 cubic kilometers (36 cubic miles) of
ice between 2002 and 2005.18

Declining Arctic Sea Ice. Both the extent and thickness of Arctic sea ice has
declined rapidly over the last several decades.1?

Glacial Retreat. Glaciers are retreating almost everywhere around the world—
including in the Alps, Himalayas, Andes, Rockies, Alaska, and Africa.20

Extreme Weather Events. The number of record high temperature events in the
United States has been increasing, while the number of record low temperature
events has been decreasing, since 1950. The U.S. has also witnessed increasing
numbers of intense rainfall events.2!

Ocean Acidification. The carbon dioxide content of the Earth’s oceans has been
increasing since 1750, and is now increasing at a rate of approximately 2 billion
tons per year. This has increased ocean acidity by about 30 percent.22

The Response

Scientific research is also invested in developing ways to respond and adapt to cli-
mate change, in addition to developing technologies and policies that can be used
to limit the magnitude of future changes to the climate. The issues of mitigating,
adapting, and responding to the impacts of climate change are currently being ex-
plored through global collaborative input from a wide range of experts, including
physical scientists, engineers, social scientists, public health officials, business lead-
ers, economists, and governmental officials. Demand for information to support cli-
mate-related decisions has grown as people, organizations, and governments have
moved ahead with plans and actions to reduce greenhouse gas emissions and to
adapt to the impacts of climate change. Today, however, the nation lacks com-
prehensive, robust, and credible information systems to inform climate choices and
evaluate their effectiveness.

Scientific research plays a role in guiding the nation’s response to climate change
by:

e projecting the beneficial and adverse effects of climate changes;

¢ identifying and evaluating the likely or possible consequences, including unin-
tended consequences, of different policy options to address climate change;

e improving the effectiveness of existing options and expanding the portfolio of
options available for responding to climate change; and

¢ developing improved decision-making processes.

14 See <hitp:/ /www.ncde.noaa.gov /cmb-faq [ anomalies.html>.

15T.C. Peterson et. al., State of the Climate in 2008, 90 SPECIAL SUPPLEMENT TO THE BUL-
LETIN OF THE AMERICAN METEOROLOGICAL SOCIETY p.S17-S18 (2009).

161, Allison et. al., THE COPENHAGEN DIAGNOSIS: UPDATING THE WORLD ON THE LATEST CLI-
MATE SCIENCE, (UNSW Climate Change Research Center, Sydney, Australia) (2009).

17 Levitus et. al., Global Ocean Heat Content 1955-2008 In Light of Recently Revealed Instru-
mentation Problems, 36 GEOPHYSICAL RESEARCH LETTERS (2009).

18See  <htitp:/ /climate.nasa.gov/evidence/>,  <htip:/ /www.giss.nasa.gov /research [news/
20100121/> and <http:/ | science.nasa.gov | headlines /y2009 | 01apr _deepsolarminimum.htm>.

191. Polyak et. al., HISTORY OF SEA ICE IN THE ARCTIC In PAST CLIMATE VARIABILITY AND
CHANGE IN THE ARCTIC AND AT HIGH LATITUDES, U.S. Geological Survey, Climate Change
Science Program Synthesis and Assessment Product 1.2. chapter 7 (2009). and R. Kwok and
D.A. Rothrock, Decline in Arctic sea ice thickness from submarine and ICESAT records: 1958—
2008, 36 GEOPHYSICAL RESEARCH LETTERS (2009).

20 See <http:/ | nsidc.org/sotc/glacier _balance.html> and <hitp://www.geo.unizh.ch/wgms/
mbb [ sum08.html>.

21 See <http:/ | lwf.ncde.noaa.gov [ extremes  cei.html>.

22(C.L. Sabine et. al., The Oceanic Sink for Anthropogenic CO», 305 SCIENCE p.367-371 (2004),;
Copenhagen. Also see <hitp:/ www.pmel.noaa.gov/co2/0OA[>.
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Chairman BAIRD. The hearing will now come to order. Our hear-
ing today is titled: “A Rational Discussion of Climate Change: The
Science, the Evidence, the Response.” The purpose of today’s hear-
ing is to conduct an objective review of the science behind the
greenhouse effect, climate change, and acidification.

My impression has been for some time that many members of
the public and perhaps some in Congress have never had the op-
portunity to consider the basic science and, for that matter, the
long history of investigation and data that underlies scientific un-
derstanding of the greenhouse effect, and more recently, of ocean
acidification.

Therefore, today we have three panels of experts with us. The
first will begin today’s hearing by setting the foundation of basic
science. They will explain to us the fundamental physics and chem-
istry underlying the role of CO, and other atmospheric gases in
regulating or altering our planet’s temperature and the acidity of
the oceans. A bit of a scientific history lesson will be included as
we learn that the science behind this issue goes back more than
100 years. The panel will also address questions about how much
CO2 has been entering the atmosphere, from what sources, and
with what predicted effects.

From basic scientific findings and methodologies described by the
first panel, we will then consider whether or not the predicted im-
pacts of CO2 on temperature and ocean acidity are, in fact, occur-
ring. In other words, we will ask the question if basic science
makes certain predictions about what should happen if CO; levels
increase in the air and oceans, what is actually happening in the
real world? How do we know if it is happening or not, and what
can we predict for the future?

The third and final panel will then discuss the impacts that are
being observed and that can be anticipated from climate change
and ocean acidification. Our witnesses will discuss how we are al-
ready responding today and actions we need to take to prepare for
the future. The analysis includes such matters as national security,
social impacts, economic effects, and health concerns, among oth-
ers.

I have had the opportunity in preparation for this hearing to
read all of the written testimony. I want to thank the witnesses for
taking time from their busy schedules to prepare this material and
submit it beforehand for the Committee’s analysis. We are also
going to post that on the Science Committee website for those of
you who are interested. And I hope you will be. It is wonderful tes-
timony and very illuminating.

Before we hear from the witnesses, I want to make just a few
key points. Having taught scientific methodology and basic statis-
tics and having published, myself, in peer-reviewed journals, I per-
sonally place a paramount importance on scientific integrity. That
is why in the America COMPETES Act, I authored the provision
that insists that institutions seeking to receive NSF funding have
specific course training in scientific ethics. My understanding is
that from academia and from NSF that this is having a salutary
impact, and I am proud of that impact.

I mention it today because, after all, this is the Science and
Technology Committee. We must, if we are to have any credibility
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at all, insist that our witnesses adhere to the highest standards of
integrity, and simultaneously we, Members of Congress, must hold
ourselves and this Committee as an institution to that standard in
our study of the issues and in our conduct today and in the future.

In the context of climate change and ocean acidification, I also
believe that because our Nation is the biggest historical producer
and second largest current producer of greenhouse gases, we have
a profound moral responsibility to be sure we get this right. Scrip-
ture teaches us to love thy neighbor as thyself. If our dispropor-
tionate impacts on the rest of the world are harming billions of
other people and countless other species, we are not living up to
that scriptural guidance.

Finally, even if one completely rejects the evidence that will be
presented today in reports from the National Academies of Science
and countless other respected bodies, I believe it still makes good
sense to strive for our Nation to be a leader in clean-energy tech-
nology for economic self-interest alone.

Is not the reality of sending hundreds of billions of dollars
abroad, often to countries with values antithetical to our own, at
least a bit troubling for all of us? Is not the national security risk
this creates disconcerting? Are the known impacts of events such
as Exxon Valdez, the Gulf oil spill, and numerous other events not
of sufficient concern to argue for change, and are not the facts of
red-alert days in our Nation’s cities, in which it is unsafe for our
children to breathe, sufficient cause for some degree of consterna-
tion and change?

I personally believe the evidence of climate change and ocean
acidification is compelling and troubling. But even without that
conclusion, I am convinced we must change our energy policies for
reasons of economics, national security, and environmental and
human health. Our Nation has long been a leader in renewable-en-
ergy technology and I believe we must remain a leader.

This Committee, under the leadership of Chairman Gordon, and
before him Chairman Boehlert, have taken positive steps to ensure
that continues. So too we have been at the forefront of climate re-
search and should remain a leader there as well. We must continue
this endeavor if we intend to leave our children and our grand-
children a strong economy and truly an independent and secure
Nation and an environment in which to live, work, and play.

Finally, as the parent of 5-1/2-year-old twin boys, the whole ef-
fort of my service in Congress and on this committee has been to
ensure that they have a brighter and better future. If we don’t ad-
dress this issue well and responsibly, I fear we will fail in that mis-
sion and leave them a much less pleasant future than we have
been able to enjoy.

I am excited about today’s hearing and these three panels of wit-
nesses. I thank them for their time. They will help us better under-
stand the concepts and impacts of climate change. And I personally
thank each of you for being here. And I thank our outstanding
Committee staff for their work in bringing such superb witnesses.

[The prepared statement of Chairman Baird follows:]
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PREPARED STATEMENT OF CHAIRMAN BRIAN BAIRD

Good morning and welcome to today’s hearing—A Rational Discussion of Climate
Change: the Science, the Evidence, the Response. Several months ago I suggested to
our Science Committee staff that it was time this Committee held a comprehensive
and in depth hearing to really discuss the science behind climate change and ocean
acidification.

I wanted the hearing to fully present the information as objectively and clearly
as possible so that we could all have a sense of the basic science behind the green-
house effect and ocean acidification, and the likely impacts. I also believed it would
be important for our understanding to ensure that scientists with differing views be
invited to testify.

Therefore, today we have three panels of experts with us. The first panel will
begin today’s hearing by setting the foundation of basic science. They will explain
to us the basic physics and chemistry underlying the role of CO, and other atmos-
pheric gases in regulating or altering our planet’s temperature and the acidity of
the oceans. A bit of scientific history lesson will be included as we learn that the
fundamental science behind this issue goes back more than one hundred years. This
panel will also address questions about how much CO; has been entering the atmos-
phere, from what sources, and with what predicted effects.

From the basic scientific findings and methodologies described by the first panel,
we will then consider whether or not the predicted impacts of CO, on temperature
and ocean acidity are, in fact, occurring. In other words, we will ask the question,
“If basic science makes certain predictions about what should happen if CO; levels
increase in the air and the oceans, what is actually happening in the ‘real world,
how do we know if it is happening or not, and what can we predict for the future?”

The third and final panel will then discuss the impacts that are being observed
and that can be anticipated from climate change and ocean acidification. Our wit-
nesses will discuss how we are already responding today and actions we need to
take to prepare for the future. This analysis includes such matters as national secu-
rity, social impacts, economic effects, and health concerns, among others.

I have had the opportunity in preparation for this hearing to read all of the writ-
ten testimony. I want to thank the witnesses for taking time from their busy sched-
ules to prepare this material and submit it beforehand for the Committee analysis.
I hope and trust many of my colleagues have taken the time as I have to read the
testimony from all the witnesses.

In addition to the written testimony provided by our panelists, I should note that
I have personally gone well beyond to review published articles by many of those
will testify before us today. I have also had the privilege to participate in various
scientific forums domestically and globally that have examined this issue. Further,
I have followed the matter very closely in the pages of Science magazine, which I
subscribe to personally as a long time member of the American Association for the
Advancement of Science.

Before we hear from the witnesses, I want to make just a few key points. First,
as someone who has taught scientific methodology and basic statistics, and having
published in peer review journals myself, I place a great importance, paramount im-
portance, on scientific integrity. That is why I authored the language in the America
COMPETES Act which makes it mandatory for those institutions seeking National
Science Foundation funding to include explicit training in scientific ethics as a re-
quired part of their curriculum. I am proud to say that initial reports from NSF and
the academic community indicate that this policy is having a substantial and posi-
tive effect, as institutions that formally provided no such explicit training have in-
deed incorporated it into their training regimes.

I mention this here because this is, after all, the Science and Technology Com-
mittee. We simply must, if we are to have any credibility at all, insist that our wit-
nesses adhere to the highest standards of scientific integrity. Simultaneously, we
must hold ourselves and this Committee as an institution to that standard in our
study of the issues and in our conduct today and in the future.

Recently, some of our colleagues and friends in Congress have suggested that we
needn’t worry about this issue of climate change because God has promised not to
let anything happen to us. Speaking personally, I would be the last to presume that
I know God’s intentions. I would, however, suggest that we were given brains for
a reason and the role of this Committee on Science and Technology is to use those
brains to evaluate the information before us as thoroughly and objectively as pos-
sible and take responsible action on that basis. Perhaps, just perhaps, that is what
God might want us to do and that is how we are supposed to prevent cataclysmic
events from occurring.
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For those who are convinced, in spite of the evidence, that the threat of climate
change and ocean acidification is not real, we must ask if the United States, as the
biggest historical producer and second largest current producer of greenhouse gases,
does not bear a great and indeed a moral responsibility to the rest of the world to
be sure we get this right and do not impose adverse consequences on others as the
result of disproportionate impacts from our own actions. Referring to scripture my-
self, the Golden Rule, “love thy neighbor as thyself,” and other pearls of wisdom
seem especially relevant here.

Moreover, even if one completely rejects the evidence that will be presented today
and in reports from the National Academies of Science and countless other re-
spected bodies, does it not make sense to strive for our nation to be a leader in clean
energy technology for economic self-interest alone? Is not the reality of sending hun-
dreds of billions of dollars abroad, often to countries with values antithetical to our
own, at least a bit troubling? Is not the national security risk this creates dis-
concerting? Are the known impacts, such as Exxon Valdez, the recent Gulf Oil spill,
and numerous other events not of sufficient concern to argue for change? Are not
the facts of “red alert” days in our nation’s cities, days in which it is “unsafe to
breathe” for our children, cause for some degree of consternation?

The United States has been a leader in renewable energy technology and I believe
we must remain a leader. Likewise, we have been at the forefront of climate re-
search and should remain a leader there as well. Many of the satellite monitoring
capabilities, ground observations, and other tools that enable us to know our local
weather and climate patterns, the health of our ecosystems and oceans, and the
quality of the air we breathe, and that track the many changes occurring on Earth
are available only because of our investments in science programs at our many fed-
eral agencies and academic institutions. We must continue our investments if we
intend to leave our children and grandchildren an environment in which they too
can live, work, and play.

I am excited about this hearing and these three panels of star witnesses that will
help us to better understand these concepts of climate change and ocean acidifica-
tion. I want to personally and sincerely thank you for being here today and I look
forward to each of your testimonies.

Chairman BAIRD. And with that, I recognize my friend and col-
league, Mr. Inglis, for opening remarks. Sorry. Mr. Hall has to
leave. Are you ready, Mr. Hall? I am told you have to leave at some
point.

Mr. HALL. I am not ready, but I will go.

Chairman BAIRD. All right. Then, we will recognize you out of re-
spect for the likely-soon-to-be Chairman of this committee and a
dear friend and a respected member. I recognize Mr. Hall for as
much time as

Mr. HAaLL. Thank you, Mr. Chairman. Mr. Chairman, I do thank
you for holding this hearing and I welcome all of the witnesses tes-
tifying on today’s three panels. I think we have one witness for
each panel, which is kind of an improvement. Usually we have one
witness for each hearing. But one out of three is about a fair
match, I think. It depends on the quality. But we are going to have
a lot of different approaches to this and disagreements on it. And
I appreciate everybody being here.

Today our country finds itself at a crossroads and we face a stag-
gering national debt of more than 13 trillion. Almost one in ten
people are out of work, and a bloated Federal Government. These
are serious problems that require solutions that are defined by re-
straint and discipline. No longer should the economy be strained by
writing checks we can’t afford and a burdensome regulatory regime
brought about by policies that serve to hamper industry and pro-
ductivity across our country.

Despite this economic reality, the Administration is proceeding
with regulations to reduce greenhouse gas emissions, a policy to
supplant the cap and trade proposal that failed to win Congres-




12

sional approval. The Secretary of Energy testified before this Com-
mittee that such a policy would raise energy prices for every Amer-
ican. The Energy Information Administration conducted an anal-
ysis of the cap and trade bill that passed the House in June. It was
projected that this legislation would increase energy prices for con-
sumers anywhere between 20 percent and 77 percent.

The Administration claims that we must cut our emissions of
carbon dioxide despite the cost, so that we stave off global climate
disruption. They had been calling it global climate warming. First
of all, this new terminology pronounced by the White House Office
of Science and Technology Policy is just another example of this
Administration attempting to rebrand events to suit their policy ob-
jectives. There is no more war. We don’t have war now according
to them. Now we have what they say is overseas contingency oper-
ations. There are no more terrorist acts, despite that guy that mur-
dered those people at Fort Hood. There is no more terrorist acts.
We now have man-caused disasters, according to the Administra-
tion. Let me tell you something. Changing the name doesn’t change
what it is. It is high time the Administration learns how to call a
bluebird blue.

Secondly, this Administration argues—if cutting greenhouse gas
emissions is the policy direction that is justified by the science, I
think this hearing today will demonstrate and could demonstrate
that reasonable people have serious questions about our knowledge
of the state of the science, the evidence, and what constitutes a pro-
portional response. Furthermore, there has been an escalating
sense of public betrayal by those who would claim the science justi-
fies these policy choices.

The e-mails posted last November from the Climate Research
Unit at the University of East Anglia in England expose a dis-
honest undercurrent within the scientific ethics community. This
incident ignited a renewed public interest in the level of uncer-
tainty of the scientific pronouncements and an increased concern
that the policy of cap and trade may not achieve its objective of re-
ducing the impacts of climate change.

While there are only a few scientists involved in this unethical
behavior, it only takes a few bad apples to spoil the whole bunch.
It has created a general atmosphere of doubt with regards to all
scientific endeavors involving the government. We need only look
at how the Administration responded to the Deepwater Horizon oil
spill and see how scientific information was distorted to promote a
specific policy agenda or to change people’s perception of the gov-
ernment’s competence.

To add insult to injury, this Administration has neglected to fol-
low through on promises to issue basic guidelines for scientific in-
tegrity, a failure that has only served to further erode the public
trust.

Given these persistent problems, Mr. Chairman, the public has
even more questions and concerns about how Federal officials use
science to inform policy debates. Sorting scientific fact from rhet-
oric is essential and we have a long way to go on this topic. We
must insist on information derived from objective and transparent
scientific practices and we must hold this Administration account-
able for meeting a level of scientific integrity that the public ex-



13

pects from their government. Above all, we cannot afford to enact
policies that destroy jobs, hinder economic growth and whittle
away our competitiveness.

I look forward to hearing from our witnesses today and I yield
back my time.

[The prepared statement of Mr. Hall follows:]

PREPARED STATEMENT OF REPRESENTATIVE RALPH M. HALL

Mr. Chairman, thank you for holding this hearing and I welcome all of the wit-
nesses testifying on today’s three panels.

Today, our country finds itself at a crossroads. We face a staggering national debt
of more than $13.7 trillion, almost one in ten people are out of work, and a bloated
federal government. These are serious problems that require solutions that are de-
fined by restraint and discipline. No longer should the economy be strained by writ-
ing checks we cannot afford and a burdensome regulatory regime brought about by
policies that serve to hamper industry and productivity across America.

Despite this economic reality, the Administration is proceeding with regulations
to reduce greenhouse gas emissions, a policy to supplant the “cap and trade” pro-
posal that failed to win Congressional approval. The Secretary of Energy testified
before this committee that such a policy would raise energy prices for every Amer-
ican. The Energy Information Administration conducted an analysis of the “cap and
trade” bill that passed the House in June. It was projected that this legislation
would increase energy prices for consumers anywhere between 20% and 77%.

The Administration claims that we must cut our emissions of carbon dioxide, de-
spite the costs, so that we stave off “global climate disruption”. First of all, this new
terminology pronounced by the White House Office of Science and Technology Policy
is just another example of this Administration attempting to rebrand events to suit
their policy objectives. There is no more war, now we have overseas contingency op-
erations. There are no more terrorist acts; we now have man-caused disasters.
Changing the name does not change what it is. It’s high time the Administration
learn, as we say, to call a bluebird blue.

Secondly, this Administration argues that cutting greenhouse gas emissions is a
policy direction that is justified by the science. I think this hearing today will dem-
onstrate that reasonable people have serious questions about our knowledge of the
state of the science, the evidence and what constitutes a proportional response.

Furthermore, there has been an escalating sense of public betrayal by those who
would claim the science justifies these policy choices. The emails posted last Novem-
ber from the Climate Research Unit at the University of East Anglia in England
exposed a dishonest undercurrent within the scientific community. This incident ig-
nited a renewed public interest in the level of uncertainty of the scientific pro-
nouncements and an increased concern that the policy of “cap and trade” may not
achieve its objective of reducing the impacts of climate change.

While there were only a few scientists involved in this unethical behavior, it only
takes a few bad apples to spoil the whole bunch. It has created a general atmos-
phere of doubt with regards to all scientific endeavors involving the government. We
need only to look at how the Administration responded to the Deepwater Horizon
oil spill to see how scientific information was distorted to promote a specific policy
agenda or to change people’s perception of the government’s competence. To add in-
sult to injury, this Administration has neglected to follow through on promises to
issue basic guidelines for scientific integrity, a failure that has only served to fur-
ther erode the public trust.

Given these persistent problems, the public has even more questions and concerns
about how federal officials use science to inform policy debates. Sorting scientific
fact from rhetoric is essential, and we have a long way to go on this topic. We must
insist on information derived from objective and transparent scientific practices.
And, we must hold this Administration accountable for meeting a level of scientific
integrity the public expects from their government.

Above all, we cannot afford to enact policies that destroy jobs, hinder economic
growth and whittle away our competitiveness. I look forward to hearing from our
witnesses today, and I yield back the remainder of my time.

Chairman BAIRD. I thank the gentleman. And I am pleased to

recognize my friend and colleague, the Ranking Member of the
Subcommittee, Mr. Inglis.
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Mr. INGLIS. Thank you, Mr. Chairman. And this is the last time
that you will be chairing a subcommittee, so I want to thank you
for your service. And I hope everybody will join me in recognizing
Mr. Baird for his excellent service here on this Committee.

Chairman BAIRD. If I may, I am going to interrupt my friend be-
cause this is the last time he will be in the Ranking chair, and he
has been an outstanding partner to work with and a real model of
a distinguished Member of Congress. Please join me in—yeah.

Mr. INGLIS. There is a cautionary tale there about what happens
when you get friendly with a Democrat. But actually he is a dear
friend and a great guy. Anyhow, I am very excited to be here, Mr.
Chairman, because this is on the record. And, you know, it is a
Wondgrful thing about Congressional hearings, they are on the
record.

Kim Beazley, who is Australia’s Ambassador to the United
States, tells me that when he runs into climate skeptics, he says
to them to make sure to say that very publicly, because I want our
grandchildren to read what you said and what I said. And so we
are on the record and our grandchildren or great-grandchildren are
going to read it.

And so some are here suggesting to those children that here is
the deal. Your child is sick—this is what Tom Friedman gave me
as a great analogy yesterday. Your child is sick. Ninety-eight doc-
tors say treat him this way. Two say no, this other is the way to
go. I will go with the two. You are taking a big risk with those
kids. Ninety-eight of the doctors say do this thing. Two say do the
other.

So on the record, we are here with important decisions to be
made. And I would also suggest to my free-enterprise colleagues,
especially conservatives here, whether you think it is all a bunch
of hooey that we have talked about in this Committee, the Chinese
don’t. And they plan on eating our lunch in this next century. They
plan on innovating around these problems and selling to us and the
rest of the world the technologies to lead the 21st century. So we
may just press the pause button here for several years, but China
is pressing the fast forward button. And as a result, if we wake up
in several years and we say, gee, this didn’t work very well for us,
the two doctors turned out not to be so right. Ninety-eight might
have been the ones to listen to. Then what we will find, is we are
way behind those Chinese folks. Because, you know, if you have got
a certain number of geniuses in the population, if you are one in
a million in China, there are 1,300 of you. And you know what?
They plan on leading the future. So whether you—if you are a free-
enterprise conservative here, just think, if it is a bunch of hooey,
this science is a bunch of hooey, if you miss the commercial oppor-
tunity, you have really missed something.

And so I think it is great to be here on the record. I think it is
great to see the opportunity that we have got ahead of us. And
since this is sort of a swan song for me and Mr. Baird, I would en-
courage scientists that are listening out there to get ready for the
hearings that are coming up in the next Congress. Those are going
to be difficult hearings for climate scientists, but I would encourage
you to welcome those as fabulous opportunities to teach. Don’t
come here defensively. Don’t come to this committee defensively.
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Say I am glad you called me here today, I am glad you are going
to give me an opportunity to explain the science of climate change.
Because I am here to show you what you spent, say $340 million
a year on the U.S. polar programs. So you spent the money.

Now I am here to tell you what you got out of it. I am happy
to educate you on what the data is. And hopefully we will have ex-
perts like some who are here today, but also—you know, on a trip
from this committee to Antarctica to visit with the money, the $340
million a year we spent on the polar programs—that Donald
Manahan, who is a professor at USC—the other one. We claim the
real one is in Columbia, South Carolina. But the other one, you
know, the one out on the west coast. That one. Dr. Manahan is a
master teacher. I hope he is one of the witnesses here, because he
is the kind of guy that would welcome the inquiry and would lead
a tutorial for folks that are skeptics so they could see the science.

Meanwhile, we have got people that make a living and a lot of
money on talk radio and talk TV pronouncing all kinds of things.
They slept at Holiday Inn Express last night and they are now ex-
perts on climate. And those folks substitute their judgment for the
people who have Ph.D.s and who are working tirelessly to discover
the data.

So we have some real choices ahead of us. But I hope in the fu-
ture, as we have these hearings, that we realize it 1s all on the
record and our grandchildren and great grandchildren are going to
get to see. And it could turn out the science is all wrong. You know,
we have had that before. We used to blood-let people, and I think
John Quincy Adams, the Speaker, made the very helpful sugges-
tion that we move him to the window, and the poor guy froze to
death. Right? He had the stroke over there in the Lindy Boggs
room. So sometimes science turns out to be wrong.

But other times it turns out to be very right and the key to sci-
entific endeavor is what we are here to discuss today, is openness,
access to the data, and full challenging of the data. That is how we
advance science.

And I look forward to the hearing, Mr. Chairman. Thank you for
the opportunity.

Chairman BAIRD. Thank you, Mr. Inglis, for your opening re-
marks and for your many years of service in the Congress and on
this committee.

[The prepared statement of Mr. Inglis follows:]

PREPARED STATEMENT OF REPRESENTATIVE BOB INGLIS

Good morning, and thank you, Dr. Baird for this hearing and for your great lead-
ership as Chairman of this Subcommittee.

I'm not a scientist; I just play one in Committee. That’s why I'm so excited about
this hearing. After years of intense conversations about climate policy, energy mar-
kets, and technology innovation, we’re closing with a frank discussion about the
science of climate change. This is our chance to ask lingering questions about
whether the climate is changing, what the causes are, and what impacts we can ex-
pect to see. It’s a great opportunity to get answers from some of the people that
know best, and to engage people on all sides of the debate in an endeavor to under-
stand the science.

Right now, I think the most important questions about climate change are what
impacts we can expect to see, and where. Changing rainfall, temperature patterns,
and ocean acidity will have huge impacts on agriculture, energy infrastructure, eco-
systems, and the marine-based economy. These changes will be very different in the
upstate of South Carolina and in southwest Washington. Those differences mean big
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things for farmers, insurance agents, energy companies, government planners, and
anyone else making long term investments on the ground. I hope to hear from our
witnesses how scientists are working to fill the gaps in our knowledge and give us
the tools we need to cope with a changing climate.

I also hope that the panelists will touch on the Climategate scandal. While the
hacked and leaked emails did not shake the foundations of scientific agreement on
climate change, they exposed a breach of the public trust. We count on our scientists
to live up to the highest standards of scientific integrity, collaborative science, and
peer review. I'd like to hear about the status of scientific discourse in the climate
community and what improvements need to be made.

Finally, climate science is so important on capitol hill because of how climate pol-
icy will impact our energy markets. There is an irrefutable connection between the
ways we use energy and the quantity of greenhouse gases that we emit. There is
also an irrefutable connection between the ways that we use energy and the amount
of risk we expose ourselves to in terms of our public health and our national secu-
rity. It’s difficult to get Congress to come to agreement on climate science, but I
hope we’ll bridge that gap to build a more prosperous, secure, innovation-driven
economy.

I look forward to hearing from our distinguished panelists about all these issues.

Thank you again, Mr. Chairman, it has been a pleasure serving with you on this
Subcommittee. I would yield to Mr. Hall for his opening remarks.

[The prepared statement of Mr. Costello follows:]

PREPARED STATEMENT OF REPRESENTATIVE JERRY F. COSTELLO

Good Morning. Thank you, Mr. Chairman, for holding today’s hearing to receive
testimony and engage in a discussion of the science, evidence, and actions different
sectors are using to respond to climate change.

This Committee has met several times in the 111th Congress to discuss the impli-
cations of the changing climate and what solutions are available to mitigate these
impacts. I agree that we must have complete information from both sides of the de-
bate about how and why our climate is changing based on science and what steps
we can take to address these changes now and in the future.

First, the majority of scientists now agree the planet is warming, based on dra-
matic increases in ocean acidification, rising temperatures and rainfall, the retreat-
ing of glaciers, and the shrinking of ice sheets. Based on this scientific evidence,
these changes will impact our society and will require responses from public health
officials, economists, scientists, and government officials worldwide. Along with our
international partners, we are taking a variety of approaches to reduce emissions
and improve energy efficiency, but to date no global response to climate change has
been adopted. I would like to hear from our witnesses how the United States in col-
laboration with our international partners can respond to impacts of climate change.

I welcome our panels of witnesses, and I look forward to their testimony. Thank
you again, Mr. Chairman.

Panel T

Chairman BAIRD. With that, it is my pleasure to introduce our
distinguished first panel of witnesses. And I think Mr. Inglis’ de-
sire to have people who are thoughtful and critical analysts of the
data will be realized with this outstanding panel. The panel in-
cludes Dr. Ralph Cicerone, the President of the National Academy
of Sciences; Dr. Richard Lindzen, the Alfred P. Sloan professor of
meteorology for the Department of Earth, Atmospheric and Plan-
etary Science, at Massachusetts Institute of Technology; Dr. Gerald
Meehl, Senior Scientist for the Climate and Global Dynamics Divi-
sion at the National Center for Atmospheric Research (NCAR); and
Dr. Heidi M. Cullen, the Chief Executive Officer and Director of
Communications for Climate Central.

Now, those introductions took me about five seconds to read
each. If you read the distinguished biographies of these extraor-
dinary individuals, it would take you almost five years, almost, to
read. So forgive me for not going into such detail, but I hope you
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will check them out on their website. You will see this is indeed
a very competent and capable group of individuals.

As our witnesses know, we are asking you to summarize an en-
tire career of research in five brief minutes, after which we will ask
a series of questions. And this is the first panel. We have two other
panels after this. And we will do our level best to make sure that
eac(lzh panel gets a proportionate amount of time at our hearing
today.

And with that, Dr. Cicerone, please begin.

STATEMENT OF RALPH J. CICERONE, PRESIDENT, NATIONAL
ACADEMY OF SCIENCES

Dr. CICERONE. Thank you, Chairman Baird and Members of the
Subcommittee, for the opportunity to participate in your hearing
today. With your permission, I will present only a summary of my
written testimony.

Scientists have records from geological history of many past cli-
mate changes. For example, there is physical evidence of past ice
ages with warmer intervals in between and of a 100,000-year cycle
of ice ages in the past. Volcanoes have also caused climate changes.
For example, a worldwide cooling followed the June 1991 explosive
eruption of Mount Pinatubo in the Philippines. Our ability to cal-
culate the amount of that cooling is very high if the volcanic cloud
material amounts and types are measured well. Natural climate
changes are likely to occur in the future.

However, the main reason that we are here today in this hearing
is that humans are also capable of causing Earth’s climate to
change. The underlying mechanism is the greenhouse effect, where-
in certain gases and clouds in the atmosphere surrounding the
planet can absorb outgoing planetary infrared radiation. Each
greenhouse gas selectively absorbs infrared radiation at specific
wavelengths, and this signature can be seen by Earth-orbiting sat-
ellites, and was indeed seen as long ago as 1972.

The natural greenhouse effect has been enhanced by the in-
creased amounts of greenhouse gases in the air due to human ac-
tivity. These increases have occurred in a period of only a few dec-
ades, a very rapid change. The climatic impact of these greenhouse
gases in the atmosphere is influenced also by changes in atmos-
pheric water vapor and clouds that are initiated in turn by the
warming. As water warms, it evaporates faster—in fact, dispropor-
tionately faster—than the warming. The evaporation injects water
vapor into the air.

While some scientists propose that water vapor increases due to
greenhouse warming might not amplify the original warming, they
are fighting against a fundamental fact of physics, the steep de-
pendence of vapor pressure of water, which is the Clausius-
Clapeyron equation. The human-caused greenhouse effect exerts
additional leverage on Earth’s surface energy budget. The changes
that have been observed in the last three decades, greenhouse gas
concentration increases, temperature rises on the surface of the
Earth, and decreased ice amounts, can all be seen from space. In
fact, that is how many of the data have been obtained, by looking
at the Earth from space.
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The specific molecular properties of greenhouse gases have been
measured through laboratory experiments so that the calculations
of the enhanced greenhouse effect due to these increases in con-
centrations are very quantitative today. The equations are the
same that we use in designing nuclear weapons and neutron trans-
port. The impacts of materials which are less uniformly distributed
of various kinds is more difficult to estimate.

A change in the amount of sunlight reaching the Earth would
also be very important for the planetary energy balance, and sci-
entists have proposed that changes from the sun are causing con-
temporary climate change. But recent evidence from monitoring the
sun itself shows that the amount of solar energy reaching the
Earth has not increased during the last 30 years, this time of clear-
ly observed climate changes.

Increased concentrations of greenhouse gases have been observed
worldwide for carbon dioxide. The data are of extremely high qual-
ity. Measurements are taken frequently from many locations on the
surface from aircraft satellites and from dated ice cores that extend
back hundreds and thousands of years; carbon dioxide amounts
have increased from approximately 280 parts per million in the
late 19th century to around 390 parts per million now, and that the
increases are due to human activities is clear from several lines of
evidence.

Fossil fuel burning is causing approximately 85 percent of the
rise, while the release of carbon dioxide from deforestation, perhaps
15 percent of the total. Methane has also risen rapidly in the last
century, as evidenced from surface measurements of all kinds and
from dated ice cores. Methane sources for the atmosphere include
rice agriculture, emissions from cattle, the use and transmission of
natural gas, the decay of organic matter placed in landfills, and
many human activities.

Nitrous oxide and other greenhouse gas also has an array of
processes that injects it into the air, mostly traceable to the in-
creased human usage of synthetic nitrogen fertilizer for agri-
culture.

Several classes of chemicals containing fluorine are also contrib-
uting to the enhanced greenhouse effect. And these increases ob-
served in the concentration in all of these gases are clearly attrib-
uted to human activities.

Now, some observed changes: Surface temperatures, both of air
and of water, show a warming of the Earth in all regions. The glob-
ally averaged warming since 1980 is approximately 1 degree Fahr-
enheit. Stronger warmings have been measured in the Arctic re-
gion, along with differences season by season and locality by local-
ity.

Just as one example, the calendar year 2009 was significantly
warmer than the long-term average in the Northern Hemisphere,
but it was cooler than several of the previous years, while the tem-
peratures in the Southern Hemisphere in 2009 were at a 130-year
record high. Further temperature rises are usually larger over land
areas than over oceans.

Chairman BAIRD. Dr. Cicerone, I am sorry. I will ask you to sum-
marize briefly if you can. It is always hard to keep it in the five
minutes.
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Dr. CiCERONE. The heat content of the oceans have increased
roughly in accord with the calculated greenhouse effect and sea
level rise has been increasing more rapidly since the early nineties
than had been observed earlier. And now we are in a position for
measured ice losses over Greenland and Antarctica, to sum up
what is causing the sea level rise. And we got an answer which is
in accord with the measured sea level rise.

This is enormous progress over the last few years. A lot of contin-
ued research is underway. It is needed, for example, for quan-
titative calculations and where we go in the future.

I will just close by saying that the National Academy of Sciences
has been active in our national efforts to understand these issues
for over 30 years, and that in all of our reports we have always
said that there is a lot more to learn about future climate change,
but the potential for future changes, including sudden, abrupt, and
large changes is large. Thank you, Mr. Chairman.

Chairman BAIRD. Thank you very much.

[The prepared statement of Dr. Cicerone follows:]

PREPARED STATEMENT OF RALPH J. CICERONE

Chairman Baird and members of the Subcommittee on Energy and Environment,
thank you for the opportunity to participate in your hearing today. I will address
the basic science and physics of climate change and how climate change happens.
In addition, I will describe the role of the National Academy of Sciences in advanc-
ing the science and informing the public on this topic.

Climate Change in the Past

Earth’s climate shapes the conditions for life and it has done so over geological
history as it does now. The kinds of plant and animal species that can survive are
determined or are strongly influenced by climate as are the locations and kinds of
human installations and settlements such as agricultural areas and routes of trans-
portation on rivers and oceans.

We have records of many past climate changes from sea-level changes, from de-
posits of soils and rocks, and from fossils and other debris from plant and animal
life, big and small, and from chemical traces such as abundances of elements and
their isotopes. There is such evidence of periodic Ice Ages when glaciers extended
over the northern half of North America, for example, and of intervening warm peri-
ods. The mapping of many of these historical climate changes is imprecise, that is,
we do not know exactly how big were the geographical regions that experience the
changes. Yet, some patterns are clear. For example, there is a 100,000-year cycle
of Ice Ages in the past. These repeated events were probably triggered by changes
in the non-circularity (eccentricity) of the earth’s orbit around the sun. Earth’s orbit
is not circular but more like an elipse and just how non-circular the orbit is, changes
slowly. Also, Earth’s tilt angle of the access of its rotation changes periodically and
its access of rotation wobbles a bit over tens of thousands of years. These astronom-
ical changes lead to small changes in the amount of sunlight received by earth and
to the geographical distribution of sunlight. While no one has yet been able to pre-
dict exactly how Ice Ages are brought on or how earth exits them, and how quickly,
the principles of our understanding are sound. Volcanoes of certain types have also
caused climate changes in the past. Regions of the earth or even the entire earth
can experience cooling due to volcano injection of reflective matter that floats in the
upper atmosphere (stratosphere). For a year or a few years, such coolings have been
observed, for example, following the June 1991 explosive eruption of Mt. Pinatubo
(in the Philippines). Our ability to calculate the amount of cooling is very high if
the volcanic cloud material amounts and types are measured well.

Earth’s Energy Balance and Climate Change Today

These kinds of natural climate changes are likely to occur in the future although
their timing and sizes are not predictable. The main reason that we are here in this
hearing today is that humans are capable of causing earth’s climate change. The
underlying mechanism is the greenhouse effect and the leverage that it exerts is
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worth understanding. In fact, many people are not yet aware of how large this lever-
age is, or how it arises.

The key scientific principles can be seen by considering the energy balance of the
Earth. The Earth receives energy from the sun and it sends energy back to space.
Every physical body that is warmer than its surroundings loses energy to its sur-
roundings. Because of the temperature of the sun, the form of energy that escapes
it is mostly visible light while the temperature of the Earth causes most of the en-
ergy sent away from the Earth to be in the form of infrared wavelengths. For exam-
ple, if you have ever done any infrared photography such as looking at an inhabited
house from outside on a cold winter night, you can see where the hot spots are. Also,
some infrared detector devices for military purposes also operate in infrared wave-
lengths. The Earth’s energy balance is such that we receive approximately 237
watts per square meter from the sun as visible light, averaged over day and night,
over the entire surface of the Earth. A watt is a rate of energy flow of one Joule
per second. Approximately, the same amount of energy leaves the Earth, 237 watts
per square meter, but as infrared waves. One of the earliest scientific instruments
ever orbited around Earth saw the wavelength matter and distribution of Earth’s
planetary radiation to space (IRIS instrument), thus demonstrating the greenhouse
effect. Many more recent instruments and measurements have led to the numbers
that I just quoted.

The greenhouse effect is a natural phenomenon that has been active over the his-
tory of the Earth. This fact can be demonstrated by calculating the temperatures
of various planets using the energy-balance framework and the principles that I just
outlined. When we calculate the temperature of Mars from the amount of sunlight
that reaches it and its reflectivity, we obtain very close to the right answer as com-
pared to actual measurements. When we calculate the temperatures of Earth or of
Venus using the same framework with appropriate numbers, we arrive at too low
a temperature. We calculate that the average temperature of Earth is approxi-
mately 15 degrees below zero centigrade which is perhaps 30 degrees centigrade too
low and we calculate a temperature of Venus which is far below what is actually
measured. These errors indicate that something is missing from the calculation and
it is easily demonstrated that inclusion of the natural greenhouse effect enables one
to get much closer to the actual observed temperature in a revised calculation.

Greenhouse Gases

The key ingredients in the greenhouse effect are greenhouse gases and clouds
which when in the atmosphere surrounding the planet can absorb outgoing plan-
etary infrared radiation. Mars has a very thin atmosphere with not much gas at
all. Venus has a very thick high-pressure carbon dioxide atmosphere with many
clouds and Earth has the atmosphere which we have measured and experienced
with significance amounts of natural greenhouse gases, carbon dioxide, water vapor,
methane, and several others. The signature of a greenhouse gas is the selectivity
in how it absorbs infrared radiation at different wavelengths. This signature is
measured in laboratory experiments using each gas and the signature of individual
greenhouse gases can be seen by Earth-orbiting instruments or even from some
other vantage point in space.

The natural greenhouse effect on Earth has been enhanced or amplified by the
increased amounts of greenhouse gases in the air due to human activities. The
human-enhanced greenhouse effect due to such increased atmospheric concentra-
tions is now calculated to be 2.7 watts per square meter, or more than one percent
of the incoming solar energy. And this increase has occurred in a period of a few
decades, a very rapid change. The components of this increase listed in order start-
ing with the largest is carbon dioxide, methane, nitrous oxide, a number of fluorine-
containing chemicals, and ozone in the lower atmosphere, etc. When one attempts
to calculate the impact on the climate of the earth, the way that wind motions are
forced, and how temperatures and precipitation amounts change, one must include
the additional forcing due to water-vapor changes caused by the original green-
house-gas forcings. The climatic impact of these atmospheric greenhouse-gas in-
creases is influenced by changes in atmospheric water vapor and clouds which are
initiated by warming. As water warms, it evaporates faster, disproportionately fast-
er than the amount of warming. Thus, water vapor is injected into the air. While
some scientists continue to propose that water-vapor changes due to greenhouse
forcing might not amplify the original warming, they are fighting against this fun-
damental fact of physics, the dependence of vapor pressure on temperature
(Clausius-Clapeyron Effect).

As I said earlier, it is important to realize that this enhanced greenhouse effect
represents leverage over Earth’s energy balance and Earth’s climate. If we look only
at humans direct influence on Earth’s energy budget, we find a smaller influence.
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In particular if we take all energy, all human energy usage today, all nuclear power,
the burning of all fossil fuels, coal, petroleum, gasoline, natural gas, the burning of
wood, the use of hydroelectric power, of geothermal power, tidal and solar and wind
power, and we average it over the surface of the Earth, we find a number of 0.025
watts per square meter or barely 1/100th of the enhanced greenhouse effect. Thus,
we see that the greenhouse effect is exerting leverage of more than a factor of 100
over the impact on Earth’s energy budget due only to human energy usage. This
notion and these numbers are very important to understand. From the viewpoint
of atmospheric chemistry, this leverage is not very surprising considering that
chemical catalysis causes minute amounts of chemicals to be far more important
than their small numbers might suggest. The chemical impact of catalysts can be
enhanced by 100,000 to a million times through the mechanism of catalysis.

Less technically, one can appreciate this leverage by realizing that these changes
on Earth that have been observed in the last three decades—the greenhouse-gas
concentrations, the temperature rises on the surface of the Earth, the ice amounts
on Earth—can all be seen from space looking back at Earth. In fact, that is how
many of the data have been obtained, by looking at the Earth from space. So these
changes are not small. One of the easiest tasks in foreseeing how climate change
due to human activities will happen, is indeed evaluating the enhanced greenhouse
effect. We know the properties of greenhouse gases that make them either more or
less effective. For example, because the outgoing planetary radiation occurs mostly
in a well-defined range of wavelengths, an ideal greenhouse gas is one that absorbs
radiation in that same range and does so effectively. An ideal greenhouse gas is also
one which can survive in the atmosphere without being broken apart and which can
be distributed more or less uniformly on a global scale without being removed.
Those properties are largely chemical and they can be measured through laboratory
experiments, and they have been so measured, so that the calculations of the en-
hanced greenhouse effect due to a measured increase in the gas’s concentration are
very quantitative and reasonably precise today.

The concept of radiative forcing was first created and employed by scientists who
created the first fluid dynamical models of the atmosphere. Bob Dickinson and I
used the concept to permit a comparison of the effectiveness of greenhouse gases
and their amounts in 1986. In the early and mid-1980s scientists had become aware
that not only are the increased carbon dioxide amounts capable of influencing
Earth’s climate but a number of other chemicals also have this capability although
in lesser amounts. Radiative forcing is a measure of how strongly substances in the
atmosphere affect Earth’s energy budget. The concept has been extended to mate-
rials which are less uniformly distributed such as aerosol particles from biomass
burning, from sulfur pollution, from fossil-fuel burning, smoke particles, and the
like. The impact of those less uniformly distributed substances is more difficult to
estimate because the substance’s geographical distributions are not as well known,
?0 t(}ile estimates of such substances on Earth’s energy budget are not as well de-
ined.

Now, obviously, if our concern is over changes to the net energy balance of the
Earth, then a change in the amount of sunlight reaching the earth is also very im-
portant. In fact, any number of scientists have tried to focus on whether changes
from the sun are causing contemporary climate change. But it is only in the last
few years that we have had enough evidence to be able to say that the changes in
climate that have been observed over the last several decades, are not due to
changes in the output of the sun. It has been known in principle for a long time
that the sun, like other stars, can change its luminosity over geological timescales
but there is no evidence from other stars or any theory of stellar evolution that sug-
gests that the sun’s output could change by as much of the enhanced greenhouse
effect has changed, that is, over one percent in say 50 years. A more solid kind of
evidence has come from monitoring the sun itself. By stringing together the records
of a series of satellites that have orbited the earth while observing the incoming
sunlight, several scientists have shown that the amount of sunlight energy reaching
the Earth has oscillated with an approximate 11-year cycle over the last 30 years,
that is, the amount of solar energy reaching the Earth has not increased during the
time of the observed climate changes. So we are left with the realization that the
enhanced greenhouse effect is 15 or 20 times larger than the difference between
solar maximum and solar minimum in the output of the sun. Moreover, the en-
hanced greenhouse effect is not oscillating, it is simply continuing to rise, so the evi-
dence today rules out any significant role for solar changes in causing the observed
climate changes of the last several decades.

I have alluded to increased concentrations of greenhouse gases that have been ob-
served worldwide that demonstrate human impact. In the case of carbon dioxide,
our data are of extremely high quality; measurements are taken frequently from



22

many locations on the surface of the Earth, from aircraft, satellites, and from dated
ice cores extending back over hundreds and thousands of years. The evidence that
the increase in carbon dioxide worldwide amounts from approximately 280 parts per
million in the late 19th century to approximately 390 parts per million this year
is very strong and that the increases due to human activities is also clear. The lines
of evidence that one uses in attributing the carbon dioxide increase to human activi-
ties includes the rate of the concentration increase compared to the rate of release
of carbon dioxide from fossil-fuel usage, the isotopic content of the carbon dioxide,
the carbon dioxide patterns geographically compared to the places where carbon di-
oxide is being released by human activity, by oceanic amounts, and by known pat-
terns of movement of atmospheric chemicals. There is a contribution to this increase
from human-caused deforestation. This contribution is approximately 15 percent of
the total while fossil-fuel usage is approximately 85 percent of the total. The release
of carbon dioxide from deforestation is due both to the direct burning of wood and
the decay of exposed soil organic matter.

Methane as a greenhouse gas has also risen rapidly since the late 19th century
as evidenced by surface measurements made at many sites around the world, by
satellite measurements and by the amounts of methane extracted from dated ice
cores. The list and sizes of methane sources for the atmosphere is complicated and
it includes rice agriculture, the domestication of cattle, the use and transmission of
natural gas, the decay of organic matter placed in landfills, and many other sources.
Nitrous oxide, another greenhouse gas, also has an array of processes that injected
it into the atmosphere, mostly traceable to the increased human usage of synthetic
nitrogen fertilizer for agriculture. Several classes of chemical gases containing fluo-
rine also contribute to the enhanced greenhouse effect. The chlorofluorocarbons
whose usage was regulated and banned due to the Montreal Protocol and later
amendments to it, still reside in the atmosphere. Several kinds of replacement
chemicals for the chlorofluorocarbons, namely, hydrochlorofluorocarbons and
hydrofluorocarbons are observed to be increasing in concentration worldwide along
with measured increases of perfluorinated chemicals such as carbon tetrafluoride
and perfluoroethane along with sulfur hexafluoride. The increases observed in the
concentrations of all of these gases are clearly attributed to human activities. While
the enhanced greenhouse effect due to all of these greenhouse gases has been an
inadvertent consequence of human activities, this force, led by carbon dioxide emis-
sions, continues to grow with larger consequences for future climate.

Observed Climate Changes

A number of meaningful changes to Earth’s climate have been measured since
1980 or the late 1970s. These include globally averaged surface temperatures, both
of air and of water. Large data sets covering almost all of the world are available
from at least three climate centers around the world, one from NASA, one from
NOAA, and one from the University of East Anglia. These data sets are generally
similar although they consist of somewhat different entries with more or less
weighting from individual continents and the Arctic and they employ somewhat dif-
ferent methods to adjust for potential biases such as the encroachment of urban
areas and the urban heat-island effect on thermometer stations which were at one
time far from urban areas. As an example, the data sets use slightly different time
periods of comparison but they all show a warming of the earth in all regions. The
globally averaged warming since 1980 is approximately one degree F. Stronger
warmings have been measured in the Arctic region with, of course, differences sea-
son-by-season and locality-by-locality. Just as one example, the calendar year 2009
was significantly warmer than the long-term average of the Northern Hemisphere
but it was cooler than several of the previous years while the temperatures in the
Southern Hemisphere in 2009 were at an all-time record high. Further, temperature
rises are higher over land areas than over oceans.

The data on the temperatures and heat content of the upper layers of the ocean
are very important as a measure of global climate change yet these data are more
difficult to obtain with the density of stations that we would desire because the
oceans are not as well monitored as the atmosphere. Nonetheless, in the last several
years, new data sets have materialized which show an upward trend with time over
the last 40 or 50 years with the amount of heat stored in the upper layers of the
ocean rising, roughly in accord with calculations of the enhanced greenhouse effect.

A climate variable of great importance especially in the longer term is sea level.
Since 1992, sea level has been measured by Earth-orbiting instruments on satellites
which are capable of measuring sea level nearly worldwide and frequently so that
the trend of rising sea levels has now been measured more accurately and more pre-
cisely in more places than had been possible before 1992. There is now evidence of
a rate of sea-level rise since 1992 which is approximately twice as fast as the sea-
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level rise observed from the late 19th century to 1992 with far more primitive and
fewer instruments in coastal environments.

The amounts of ice residing on land formations in Greenland and Antarctica are
now being measured by independent instruments, vertical ranging devices on Earth-
orbiting satellites, as well as instruments which measure the deviations of the
Earth’s gravitational field from that of a perfect sphere and the rate at which those
deviations are changing. In other words, the data from this instrument can be used
to infer the rate of change of ice mass over those continents. Both kinds of data now
show that over the last perhaps seven or eight years, that is the entire record of
the measurements, that the masses of ice lodged on Greenland and Antarctica are
both decreasing with time with a possibly accelerating rate. When combined with
the inferred amount of ice lost from continental glaciers and the rate at which sea
level is rising due to thermal expansion, due to the increased temperatures, one can
now calculate how fast sea level is rising and find agreement with the sea-level rise
that is actually measured independently. So this kind of evidence is new and rather
compelling.

Many other important measures of climate change are being gathered, measures
of variables which are directly important to human, animal and plant life, but which
are inherently more variable spatially, that is, geographically and with time such
as the rate of flows of various streams and rivers, the amounts and kinds of cloudi-
ness, the frequency and duration of droughts and of storms in many locations, and
the length of growing season and the frequency of new high-temperature settings
and of new low-temperature settings. Continued research on these variables and
many others is essential for us to gauge and predict climate changes that are under-
way and how effective human responses might be.

Efforts to predict more detailed evolution of future climate change begin with
mathematical expressions of the laws that govern the motion of fluids and their
temperatures and of ice amounts. These equations are of the type which cannot be
solved with paper and pencil and with neat mathematical expressions. Instead, they
can only be solved by numerical computations, computations that are becoming
more rigorous and more understood. Other witnesses will describe more of the actu-
ality and the details of these efforts, but I do want to emphasize several kinds of
inputs to these mathematical models which require continued scientific effort. One
is the specification of the role of aerosol particles and of clouds in the atmosphere
and another is the need to specify the rate at which fossil-fuel burning will be used
discharging carbon dioxide into the atmosphere, which rate depends on growing
human population, human activities and energy technology.

The National Academy of Sciences has been active in our national efforts to de-
tect, understand and predict climatic change. Most of our analyses are conducted
through our operating arm, the National Research Council, which is co-administered
by the National Academy of Sciences and the National Academy of Engineering.
And we often obtain help from our own Institute of Medicine. There are, of course,
many other nations that are active in climate research and are attempting to miti-
gate climate change and/or to adapt to it. And some of these nations not only con-
duct research but perform their own nationally based assessments. In addition,
there are international bodies performing analyses of climate change such as the
Intergovernmental Panel on Climate Change which is a creature of the World Mete-
orological Organization and of the United Nations Environmental Program.

Our NAS/NRC reports have been issued more frequently and they have grown in
size over the last 30 years with one of the first major reports being released in the
last 1970s followed by another in 1983, another series in 1991-92, and then a large
number in the early part of this decade. In the past year, we have written and re-
leased a series of reports entitled, America’s Climate Choices, in response to a Con-
gressional request from the House Subcommittee on Commerce, Justice, Science and
Related Agencies under Chairman Mollohan. This series of reports examined the
state of climate science, what we know, and what we believe we still must learn
along with the state of strategies for climate mitigation and climate adaptation as
well as an analysis of how to communicate with decision makers and the general
public. Another recent report on climate from the National Research Council is on
how to estimate the emissions of greenhouse gases with regard to any international
agreement that might be adopted and on how well we could determine compliance
with any international agreement. On a completely separate topic, the National Re-
search Council issued a report recently on what impacts could be expected by stabi-
lizing the atmosphere at various target levels of greenhouse gas concentrations. We
have also been asked in the last several years, both by Congress and by Federal
agencies, to examine the effectiveness of the United States Climate Change Science
Program under President Bush, both its plans and its achievements. All of our re-
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ports have been clear that there is much to learn about future climate change and
that the potential of future disruptions is large.

The Congressional Charter under President Lincoln that created the National
Academy of Sciences in 1863, charges us to be responsive to requests from the Fed-
eral Government for analyses of topics involving science. Our analyses are con-
ducted by leading American experts occasionally augmented by talent from other
countries. Each of our reports is peer reviewed by participants who did not engage
in the study itself but whose evaluations and analyses are used so as to suggest
revisions or corrections to the early draft versions of our reports. This method and
the high standards which we attempt to employ assure that our reports will be of
value as our government, our businesses, and our citizens continue to gauge how
to respond to the challenges which we face today and in the future concerning
human-caused climate change.
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change and its impact on the environment and human health, requested by Presi-
dent Bush. The American Geophysical Union awarded Dr. Cicerone its James B.
Macelwane Award in 1979 for outstanding contributions to geophysics by a young
scientist and its 2002 Roger Revelle Medal for outstanding research contributions
to the understanding of Earth’s atmospheric processes, biogeochemical cycles, and
other key elements of the climate system. In 2004, the World Cultural Council hon-
ored him with the Albert Einstein World Award in Science. Dr. Cicerone is a mem-
ber of the National Academy of Sciences, the American Academy of Arts and
Sciences, the American Philosophical Society, the Accademia Nazionale dei Lincei,
the Russian Academy of Sciences, the Korean Academy of Science and Technology,
and Academia Sinica. He has served as president of the American Geophysical
Union, the world’s largest society of earth scientists.

Dr. Cicerone was educated at the Massachusetts Institute of Technology and the
University of Illinois at Urbana-Champaign. In his early career, he was a research
scientist and held faculty positions in electrical and computer engineering at the
University of Michigan. The Ralph J. Cicerone Distinguished University Professor-
ship of Atmospheric Science was established there in 2007. In 1978 he joined the
Scripps Institution of Oceanography at the University of California, San Diego as
a research chemist. From 1980 to 1989, he was a senior scientist and director of
the Atmospheric Chemistry Division at the National Center for Atmospheric Re-
search in Boulder, Colorado. In 1989 he joined the University of California, Irvine,
where he was founding chair of the Department of Earth System Science and the
Daniel G. Aldrich Professor of Earth System Science. As Dean of the School of Phys-
ical Sciences from 1994 to 1998, he recruited outstanding faculty and strengthened
the school’s curriculum and outreach programs. Immediately prior to his election as
Academy president, Dr. Cicerone served as Chancellor of UC Irvine from 1998 to
2005, a period marked by a rapid rise in the academic capabilities of the campus.

Chairman BAIRD. Dr. Lindzen.
Dr. LINDZEN. Thank you, Mr. Baird.
Chairman BAIRD. Make sure the mic is on.
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Dr. LINDZEN. Yes. Thank you, Mr. Baird. Thank you, Committee,
for the opportunity to speak here.

As a student, I was told something rather important; that the
primary thing in solving the problem is to have the right question.
And here I am, a little bit concerned about the guidelines for this
meeting.

I think if we are to properly consider our concern over green-
house gases, we must separate the basic science upon which there
is great agreement from the specific bases for our concern. For in-
stance, there is general agreement that climate is always changing.
There is agreement that over the last two centuries there has been
on the order of 3/4 of a degree Centigrade increase in something
called globally averaged temperature anomaly.

There is no such thing as average temperature for the Earth.
There is a greenhouse effect. Nobody is arguing that. That CO; is
a greenhouse gas is not argued by anyone I know. And that CO»
is increasing due to man’s activities is also widely accepted. To be
sure, general agreement hardly guarantees truth, but I am not
questioning it at this stage. But what is commonly forgotten—and
that is crucial to this hearing—is that these facts do not lead to
major climate concern per se. So, for example, if doubling carbon
dioxide alone leads to only about a degree of warming and if all the
increase in globally averaged temperature anomaly were due to the
add